Background: Soluble urokinase plasminogen activator receptor (suPAR) is a novel marker for systemic inflammation both in infectious and in inflammatory diseases. Since pathophysiology of preeclampsia has been found to include impairment of maternal immune system, we wanted to explore serum level of suPAR in women with severe pre-eclampsia and whether it differs from healthy pregnancies and non-pregnant women.
Introduction
Pre-eclampsia (PE) is one of the leading causes for maternal and perinatal morbidity and mortality, affecting 5-11% of all pregnancies [1, 2] . Despite extensive research, the etiology and detailed pathophysiology of PE have remained unclear. An abnormal invasion of placental cytotrophoblasts into the superficial layers of placental myometrium and the aberrant transformation of maternal spiral arteries in myometrium are thought to lead to placental ischemia and hypoperfusion. Ischemia evokes endothelial damage as well as the clinical manifestations of PE. Several factors may be involved in the endothelial dysfunction, e.g. free radicals, an imbalance of angiogenic and anti-angiogenic factors and the presence of inflammatory cytokines [3] .
Normal pregnancy (NP) is characterized by a mild but significant inflammatory activity. This inflammatory activity is believed as a physiological consequence to the presence of the "foreign" fetus and it is considered to be important in the maintenance of pregnancy [4] . However, excessive inflammatory reactions are thought to be associated with pregnancy complications such as PE, intrauterine fetal growth restriction and fetal loss [5] [6] [7] .
Urokinase plasminogen activator receptor (uPAR) is a glycoprotein that is localized not only on the outer surface of the plasma membrane of different leucocyte cell surfaces, but also in numerous other cell types such as endothelial cells, tumor cells and smooth muscle cells [8] . UPAR is involved in numerous physiological and pathological pathways, like plasminogen activation, modulation of cell adhesion and regulation of proteolysis [9] . Interestingly, a high uPAR expression has been detected in placental trophoblasts and the myometrium in NP [10, 11] . There are several proteases capable of cleaving uPAR from the cell surface to produce the soluble form, suPAR [9, 12] . The overall systemic inflammation and immunological activation elevate serum suPAR levels in humans [13, 14] and elevated levels of suPAR are known to predict mortality in infectious diseases [15] [16] [17] , critical illness [18, 19] and cancer [20] .
The aim of the present preliminary study was to investigate whether serum suPAR levels would be elevated in PE in comparison to NP or the non-pregnant state. In order to explore this hypothesis, we determined serum suPAR levels in patients with severe PE and compared them with those from women enjoying an NP and non-pregnant female controls.
Materials and Methods
In this prospective study, 10 pregnant patients with severe PE, 10 gestational age-matched patients with NP and 10 non-preg- nant fertile-aged women were recruited into our study according to the predefined inclusion criteria. The data were collected between November 2012 and January 2014. One patient in the NP group was later excluded because she developed clinical PE before childbirth. The patients were considered eligible in NP group, if they were aged 18 years or more, previously healthy, nulliparous and singleton uncomplicated pregnancy in gestational weeks 24 -34. In addition, in the severe PE group, patients had at least one of the following findings: new-onset hypertension (defined as blood pressure over 160/110 mm Hg), daily urinary protein (dU-prot) more than 5 g, oliguria less than 500 mL/day, thrombocytopenia less than 100 × 10 9 /L or subjective symptoms (severe headache, visual disturbances, and upper gastric pain). The HELLP syndrome was considered as severe PE and was defined as hemolysis with increased lactate dehydrogenase ≥ 600 U/L, alanine aminotransferase ≥ 70 U/L and thrombocytopenia/platelet count ≤ 100 × 10 9 /L. A fetus small for gestational age (SGA) was defined as the estimated weight < 10th percentile. The non-pregnant controls were females aged 18 years or more, previously healthy and nulliparous. The exclusion criteria in all groups were infection at the time of sampling or not meeting inclusion criteria. The pregnant patients were recruited, when admitted to Tampere University Hospital. The voluntary non-pregnant controls were recruited from the hospital staff.
The study protocol was approved by the Ethical Committee of Tampere University Hospital (reference number R11174/2011). When the inclusion criteria were met, verbal and written information was given to the patients. After the patient provided informed consent, blood samples were drawn. Blood was allowed to clot at room temperature for 90 min and serum was separated by centrifugation (2,000 × g, 10 min). Serum samples were frozen to -80 °C until thawed and analyzed.
SuPAR concentrations were analyzed with a commercially available enzyme-linked immune-sorbent assay (ELISA) kit adhering to the manufacturer's instructions (SuPARnostic ® , ViroGates, Birkeroed, Denmark). All samples and standards were analyzed in duplicate and the mean of the absorbance values was used in the calculations. The analysis passed the manufacturer's pre-set criteria for accuracy and precision.
In pregnant patients, the basic characteristics of pregnancy and childbirth were compiled in an electrical case report form from the institutional database. In the PE group, hemoglobin (g/L), hematocrit (%), platelet count (× 10 9 /L), alanine ami-notransferase (U/L) and uric acid levels (μmol/L) were analyzed in order to diagnose PE-related organ complications. In pregnant women, blood pressure and heart rate were obtained with a digital sphygmomanometer (OMRON M6 HEM 7211E, Omron Corporation ® ) with the subject in the sitting position after 15 min of rest.
Statistics were calculated by IBM SPSS 22 software. The data were analyzed in three groups: PE, NP and non-pregnant controls. Descriptive data were carried out using median and interquartile range (IQR). Non-parametric data were compared with Mann-Whitney U-test and categorical with Fisher's exact test or Chi-square test. The Spearman correlation test was used to detect the correlation between suPAR and other laboratory findings. We considered a P-value of < 0.05 as statistically significant in all tests.
Results
The basic characteristics of the pregnant patients and suPAR levels are shown in Table 1 . The median age and gestational weeks at sampling were comparable between the study groups. Pre-eclamptic women delivered in earlier gestational weeks and the birthweight of their newborns was smaller compared to normal pregnancies. Ninety percent of the newborns were SGA after pre-eclamptic pregnancy and none after NP. The severity of PE is described in Table 2 . One patient in the PE group was diagnosed with deep venous thrombosis in the lower extremitas after delivery and one patient in NP group suffered from puerperal endometritis. Four patients in NP group suffered a perineal laceration during labor. No other significant maternal complications were noticed in either study groups.
The median suPAR concentration was significantly higher in PE group compared to NP group (P = 0.008) and control group (P = 0.015). SuPAR concentrations did not differ between NP and non-pregnant controls (P = 0.211) (Fig. 1) .
The correlation was evaluated in PE group between su-PAR levels and blood pressure, age and laboratory findings (hemoglobin, hematocrit, leucocytes, platelet count, alanine transferase, daily proteinuria and uric acid). Negative significant correlations were found between systolic blood pressure (r = -0.70, P = 0.023) and diastolic blood pressure (r = -0.64, P = 0.045) in PE group. There was also a tendency towards a positive correlation between the concentrations of suPAR and uric acid (r = 0.63, P = 0.05). Furthermore, a positive corre- 
Discussion
Our results indicate that the serum levels of the biomarker su-PAR are significantly elevated in severe PE compared to both NP and non-pregnant controls. There is accumulating evidence that PE is associated with an enhanced systemic inflammatory reaction. It has also been proposed that the endothelial dysfunction responsible for many of the symptoms of PE is accompanied by elevated levels of inflammatory markers [21, 22] . In our study, there were no differences in suPAR levels between women with an NP and non-pregnant controls. This finding together with low levels and narrow range of suPAR in NP supports the view that in an NP, the inflammatory response is mild and physiological. Since serum suPAR levels are considered to represent the degree of inflammation [14] , the significant difference noted in serum suPAR levels between PE and NP indicates that the activation of the inflammatory process is more pronounced in PE and furthermore that suPAR may serve as a potential marker of this inflammatory response [23] . In studies involving patients in the first and early second trimester before the clinical signs of PE are present, the assessment of suPAR concentrations was not found to predict the development of PE in late pregnancy [24, 25] . This finding could imply that the inflammatory process in PE is not more pronounced until clinical signs of PE. In our material, the patients represented a rather homogenous form of severe PE; it was early-onset, patients were nulliparous and previously healthy and furthermore, cesarean section had to be performed quite urgently within days after recruitment to the study because of the worsening clinical status. The wide interquartile range in suPAR concentrations in PE implies that there may be greater individual variations in the inflammatory response in severe PE than in healthy pregnancies. Our finding of the level of serum concentration of suPAR in pre-eclamptic women or in NPs is in consistency with previous study by Toldi et al [23] .
In other studies, very high serum suPAR levels have been detected in critically ill patients with high mortality rates [19, 26, 27] . However, mortality is very rare even in severely preeclamptic women, for example in our material, all of the patients recovered from PE after delivery without any major lifethreatening complications. Furthermore, the levels of suPAR remained lower in PE than described in critically ill patients with poor prognosis in other studies [14, 18] . We did not find significant positive correlations between clinical status (blood pressure or interval from study entry to cesarean section due to worsening PE) and suPAR nor laboratory values describing organ dysfunction associated with PE. However, a tendency towards a positive correlation with the serum levels of uric acid and suPAR was observed. In critically ill patients, elevated suPAR and uric acid levels have been associated with acute kidney injury [18, 28] . Interestingly, there are data indicating that elevated suPAR levels may be prognostic for chronic kidney disease [29] , while the risk for kidney disease after a hypertensive disorder in pregnancy has been established previously [30] . On the other hand, it is not quite clear why uric acid is elevated in PE besides of maternal renal dysfunction, it could also be due to increased production or tissue ischemia and acidosis [31] . Nonetheless, these relationships should be viewed with caution because of the small number of patients in our study and the potential for causality should be further investigated. Our data do not allow comprehensive interpretation of the relationship between suPAR levels and complications in PE.
Elevated suPAR concentrations have also been associated with low-grade inflammation leading to cardiovascular diseases and diabetes mellitus [32] . It is interesting that women who have experienced a pregnancy complicated by PE are known to have a higher risk for ischemic heart disease and chronic hypertension PE [33] . The mechanism behind this relationship has remained unknown, but there are some studies that support the view of persisting endothelial dysfunction after PE [34] .
In conclusion, we detected significantly higher serum su-PAR levels in women with severe PE in comparison to NPs. 
Median IQR
Daily urine protein, g 3.7 1.7 -8.5
Alanine aminotransaminase, U/L 157 18 -590
Platelets, × 10 9 /L 175 116 -220
Uric acid, μmol/L 423 369 -512
Cesarean section, days after sampling 2.5 1.0 -5.5
Apgar, 1 min 8.5 6.5 -9.0
Apgar, 5 min 8.0 6.5 -9.0 This might be a reflection of an elevated systemic inflammatory response in patients with severe PE.
